Explants of nodal and root segments of bitter gourd were cultured on MS supplemented with various concentrations of BAP in combination with either 2,4-D or NAA. Nodal segments produced the highest percentage (93.75) of callus in MS supplemented with 1.0 mg/l 2,4-D and 1.0 mg/l BAP whereas, root segments produced the highest (85.00%) callus in 0.6 mg/l NAA and 2.5 mg/l BAP combination. A combination of 1.0 mg/l 2,4-D and 1.0 mg/l BAP exhibited 75.00% shoot regeneration from nodal segments. The highest shoot length (5.15 cm) was recorded with 2.5 mg/l BAP and 0.2 mg/l IAA from nodal segments. No sign of regeneration of shoot was found from root segments in any of the combinations. However, some combinations produced only roots.
Introduction
Bitter gourd (Momordica charantia L.) belongs to the family Cucurbiteceae. It is an economically important, expensive summer vegetable in Bangladesh. The fruits of bitter gourd contain nutritionally useful essential minerals and amino acids. It has hypoglycemic activity which reduces the blood glucose in diabetic rats (Perl 1988 , Khan 1999 , anti-tumor activity (Xue et al. 1998 ) and antispermatogenic and androgenic activities (Naseem et al. 1998) . Bitter gourd contains bright red seeds due to high lycopene, a pigment that can be used as an artificial food colorant (Yen and Hwang 1985) . Bitter gourd protein (MRK29) has been reported to have HIV inhibitor properties (Jiratchariyakul et al. 2001 ). Bitter gourd is tolerant to a range of limiting factors of the environments (Lim 1998 ) and can be grown in tropical and subtropical climates (Reyes et al. 1994 ).
Traditional breeding for varietal improvement of any crop is time consuming. Improvement of this crop and development of new varieties are obviously necessary which could be done through the applications of modern techniques of biotechnology. A reproducible protocol for in vitro regeneration is a prerequisite for varietal improvement through genetic engineering. However, very limited efforts have been made for the improvement of this crop using biotechnological technique.
A balance between auxin and cytokinin determines the in vitro regeneration of plants grown in artificial medium. Type of explants, media composition, growth conditions, genotypes and physiological condition of the explants affect callus induction and plant regeneration. Therefore, the best growth condition, suitable explants and genotypes are needed to identify large-scale utilization in biotechnology. There are some reports on tissue culture of bitter gourd in Bangladesh or its neighboring countries where bitter gourd is grown as an economic crop. Therefore, the present study was carried out to select the most suitable explants and growth regulators for in vitro regeneration and to develop an efficient protocol for in vitro plant regeneration.
Materials and Methods
The experiment was carried out during February to November, 2006 in the laboratory of the Department of Biotechnology, Bangladesh Agricultural University, Mymensingh. Seeds of a hybrid variety of bitter gourd (Momordica charantia L.) marketed by the East West Seed (Bangladesh) Ltd. were purchased from the local market. For better germination, collected seeds were treated with hot water (55 -57°C) for 15 min by using "Vegetable Seed Treating device" developed by IPM Lab., Department of Plant Pathology, Bangladesh Agricultural University. Then they were dried overnight under shade. Surface sterilization of seeds was done with 0.1% (w/v) HgCl2 solution for five minutes. The seeds were then rinsed for three -four times by sterile distilled water to remove traces of the HgCl2. Then the seeds were placed on hormone free half strength MS medium. Seeds started germination within four days of inoculation and subsequently developed into rooted plantlets within ten to 12 days. Nodal and root segments were dissected from the plantlets and were used as explants. Explants were cultured on MS supplemented with various concentrations and combinations of 2,4-D (0.0, 0.25, 0.50, 1.0 and 5.0 mg/l), BAP (0.2, 0.5, 1.0, 2.0, 2.5 and 3.0 mg/l) and NAA (0.1, 0.3 and 0.6 mg/l) for callus induction. For shoot regeneration, calli derived from both types of explants were cultured on MS fortified with various concentrations and combinations of 2,4-D, BAP, NAA, IAA (0.1, 0.2, 0.6 mg/l), IBA and GA3 ( 0.1 and 0.2 mg/l). The pH of the medium was adjusted to 5.8 ± 0.1 before addition of 0.8% (w/v) agar for solidification. All the cultures were maintained in 16 hr photoperiod, with light intensity of 2000 -3000 lux at 25 ± 1°C. Subcultures were carried out at regular intervals. After sufficient development of shoot and root systems, the small plantlets were taken out from the culture vessels and washed to remove excess of agar around the roots. Then it was placed in normal environment for acclimatization. Then they were transplanted to small pots. The experiments were arranged in CRD with four replications. Data recorded for different parameters under study were statistically analyzed. The significance of difference between the pair of means was evaluated at 5% level of significance by DMRT (Gomez and Gomez 1984) .
Results and Discussion
A combination of 2.5 mg/l BAP and 0.6 mg/l NAA produced the highest percentage of callus (86.25) within the minimum number of days (7.75) in nodal segments (Table 1) . In root segments, it was found that 2.5 mg/l BAP combined with 0.6 mg/l NAA produced the highest percentage of callus (85) and 26 days were required for callus induction (Table 1) . Shafiullah et al. (2003) found optimum friable light green callus in cotyledon at 1.0 BAP with 1.0 mg/l IAA. The contradiction in levels of BAP and IAA might be due to dissimilarity of explants and genotype.
In general, 2,4-D alone has been reported to induce callus efficiently in many plant species. However, a combination of an auxin and a cytokinin has been found to improve the callus induction ability of some species. In nodal segments, 1.0 mg/l 2,4-D combined with 1.0 mg/l BAP had produced the highest percentage of callus (93.75) within a minimum number (8.25) of days (Table 2) . This combination produced plenty of calli and the calli were light green in colour and compact in nature. (Fig. 1a, b) . A combination of auxin and cytokinins has been reported to obtain callus from nodal explants of Coccinia indica on medium supplemented with 1.5 mg/l BA + 0.50 mg/l Kn + 0.50 mg/l NAA (Josekutty et al. 1993) . In root segments, the same combination had produced the highest percentage (75) of callus (Table 2) . Different concentrations of growth regulators were applied in MS to achieve the shoot regeneration from nodal segments. Among the treatments, 1.0 mg/l BAP with 1.0 mg/l 2,4-D had produced the highest percentage (75.0) of shoot regeneration and the lowest percentage (50) was found in 2.0 mg/l BAP and 1.0 mg/l 2,4-D (Table 3 , Fig. 2 ). Sultana and Miah (2003) observed best response towards shoot regeneration obtained from the nodal segments of Momordica charantia L. on MS supplemented with 2.0 mg/l BA and 0.2 mg/l NAA. Mondal et al. (2003) observed maximum green plant with 2 mg/l BAP and 0.5 mg/l NAA in case of indica rice. Rapid regeneration through organogenesis from callus cultures of Coccinia indica was achieved on MS supplement with 1.5 mg/l BA, 0.5 mg/l Kn and 0.1 mg/l IBA (Josekutty et al. 1993) . The findings agree well with the findings of the present study. The highest percentage (75.0) of root was produced by 2.0 mg/l BAP, 0.5 mg/l IBA and 0.2 GA3 and the lowest percentage (45.0) was found in 1.0 mg/l 2,4-D and 2.0 mg/l BAP and 2.5 mg/l BAP and 0.2 mg/l IAA (Table 3 ). The highest shoot length (5.15 cm) was recorded in 2.5 BAP and 0.2 mg/l IAA which was statistically similar (Table 3) to 2.0 mg/l BAP, 0.5 mg/l IBA and 0.2 mg/l GA3 (5.08 cm). Shafiullah et al. (2003) reported that the highest length of shoot (5.20) was observed in 2.5 mg/l BAP in combination with 0.2 mg/l IAA which was similar to the present findings. The highest number of root (7.50) was found in 3.0 mg/l BAP and 0.1 mg/l NAA and the lowest (3.5) was found in 1.0 mg/l 2,4-D and 1.0 mg/l BAP. The root length was statistically not significantly different (Table 3) . However, 2.5 and 0.6 mg/l IAA was better.
Different concentrations of growth regulators were applied in MS for morphogenesis from root calli. Among the concentrations, none showed shoot regeneration. However, some treatment combinations produced only root (Fig.  3a) . The highest percentage (75) of callus showing root was obtained in 2.5 mg/l BAP and 0.1 mg/l NAA whereas the lowest percentage (52.5) was obtained in 3.0 mg/l BAP and 0.3 mg/l NAA (Table 4 ).
The highest number of roots per callus (7.55) was found in 3.0 mg/l BAP and 0.1 mg/l NAA and lowest 4.25 was found in 3.0 mg/l BAP and 0.30 mg/l NAA. The highest root length (2.75 cm) was found in 3.0 mg/l BAP and 0.10 mg/l NAA and lowest was found in 2.0 mg/l BAP and 0.3 mg/l NAA (Table 4) . Similar result was reported by Sultana and Miah (2003) . They observed that the highest number (8.25) of root per callus and the highest length of root (2.75 cm) were obtained from 0.5 mg/l NAA. In a column, the figures with the same letter(s) do not differ significantly.
After sufficient development of shoot and root, the small plantlets were transplanted in small pots containing soil. When the plantlets grew to a height of 5 -6 cm, they were transferred to plastic pots. The growth of plantlets was satisfactory. The rate of success of plantlet survival was recorded to be above 75 per cent. The established plants in pots were kept in natural condition to grow them with proper care.
